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Optical imaging system with foil based laser/LED modulator airay 



BACKGROUND OF THE INVENTION 
Field of tiie Invention 

The present patent {qsplication relates to the field of LED or laser based 
display devices, and particularly to an optical imaging system conq[>rising a scanning device 
5 for LED or laser based displays. 
Description of the Related Art 

One of the options to realize a small handheld projector type display is to use 
(diode) laser ligjht sources in combination with a scanning^modulating device. A relatively 
simple embodiment could comprise Hxteo (RGB : Red, Green, Blue) laser diodes and a &st 

10 electromechanical mirror scanner. For such adevice the diodes must be intensity modulated 
at ficequencies of typically 1 OMI^ The presently available red and blue lasers meet this 
requirement. A complication arises with the green lasers. Th^ consist of an IR diode laser 
which pumps a fi:equency doubled YAG (yttriunohaluminum-gamet) laser. The inMitrinm 
switching fi!equency of the YAG laser is limited to about 3kHz. This hampers the realization 

IS of a fiill color display wilfa a mechanical scanner. 

A different approach is to use a one dimensional array of individual beam 
switches (e.g. SCO individual beam switches). An example of such an array which has been 
demonstrated by Silicon Light Machines is the Grating Light Valve (GLV). This array is 
based on switchable MEMS (Micxo-Electrical-MechaDical-System) gmtings. A laser beam is 

20 projected onto the grating. The zero order diffracted light is blocked. The higjher orders are 
collected and projected onto a screen. The switdiing speed combined with the multiplidty of 
switdies is sufficient for. video projection. A dmwback of the GLV is tiiat the mechanical 
details are rather small (1 -2Min) and that the projection optics must be focused on the 
projection screen. The latter is due to the fiict that the light leaves the grating under different 

25 angles and must be properly recollected on the screen by the imaging optics. 

Another type of light switch is based on the well known fact that light travels 
at different speeds in different materials. Change of speed r^ults in refraction. The relative 
refiactive index between two materials is given by tiie speed of an incident light ray divided 
by the speed of the refracted ray. If the relative refractive index is less than one, as is the case 
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e.g. when a lay of light passes from a glass block to air, then tiie ray of ligjht will be refracted 
towards the surface. Angles of incidence and reflection are normally measured from a 
direction nomial to tiie interface. At a particular angle of incidence ^'i*' the refraction angle 
becomes 90^ as tiie lig^t runs along the sur&ce of the glass block. The critical ang(le 

5 can be calculated as ^^sin i ^relative refractive ind&T. If^ is made even larga** tima all of 
the light is reflected back inside the glass block. This phenomenon is called total internal 
reflection. Because refraction only occurs when light changes speed, the incident radiation 
emerges slightiy before being totally internally reflected, and hence a slight penetration 
(roughly one micron) of the interface occurs. This phenomena is called ^'evanescent wave 

10 penetration**. By interfering with (i.e. scattering and/or absorbing) the evanescent wave it is 
possible to prevent (Le. frustrate) the total internal reflection phenomena. 

An optical switch based on this phenomenon is described in WO 0137627 
which relates to an optical switch for controUably switching an interface between a reflective 
state in which incident lig^t undergoes total internal reflection and a non-reflective state in 

IS which total internal reflection is prevented. lot one such switoh an elastomeric dielectric has a 
stiffened sur&ce portion. An applied voltage moves the stifiEened surface portion mto optical 
contact with tiie inter&ce, producing the non-reflective state, hi the absence of a voltage the 
separator moves the stiffened surfiu:e portion away from optical contact witii the interface, 
producing the reflective state. 

20 A drawback of the above described switeh according to WO 01 37627 is timt a 

separator is positioned between tiie inter&ce and the stiffened sur&ce portion, which 
separator is likely to give rise to unwanted reflections giving rise to unwanted light at a 
screen if used in a projection system, tiius decreasing the quality of the resulting imagp. 



25 SUMMARY OF TEIE INVENTION 

Takmg the above into mind, it is an object of the present invention to provide 
an improved optical imaging system comprising a scanning device for LED or laser based 
displays, by which an image can be projected onto a screen with a larg? depth of focus. 

This object is achieved in accordance with the characterizing portion of claim 

30 1. 

Thanks to the provision of at least one laser or LED light source for producing 
at least one light beam; beam shaping optics arranged to expand said at least one light beam 
in one direction; at least one one-dimensional array of beam switehes arranged to receive said 
expanded at least one light beam and modulate it to form a line image; a projection lens for 
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projecting said line image; and a slow minor scanner arranged to scan consecutive said line 
images to form a two-dimensional image a projection system tibat projects pixels onto a 
soeen wilii a largp depth of focus can be achieved. 

Preferred embodiments are listed in the dependent claims. 

BRIEF DESCEUPnON OF THE DRAWINGS 

In the drawings, wherein like reference characters denote similar elements 
throughout the several views: 

Fig. 1 discloses a schematic illustration of a single switch in an ^on*' state; 

Fig. 2 discloses a schematic illustration of the switch according to figure 1 in 
an **ofr state rest position of flie switch; 

Fig. 3a illustrates schematically a one-dimensional array built up of beam 
switches according to figure 1; 

Fig. 3b illustrates a side view of a one-dimensional array of beam switches 
aocordiiig to figure 3a; 

Fig. 3c illustrates a top view of a one-dimensional array of beam switches 
according to figure 3a; 

Fig. 4a schematically shows the situation at the glass-vacuum inter&ce of the 
switch according to figure 1; 

Fig. 4b schematically shows the situation at the glass-foil inter&ce of the 
switch according to figure 2; 

Fig. S shows an example of an addressing scheme of a one-dimensional array 
of beam switches according to figure 3; 

Fig. 6a shows in a top view an example of an optical imagmg system 
containing the one-dimensional array of beam switches according to figure 3; 

Fig. 6b shows in a side view the optical imiaging system according to figure 

6a; 

Figs. 7a and 7b discloses a beam switch device in '*multi-pass" mode where 
the light passes two consecutive beam switches; 

Figs. 8a and 8b discloses a beam switch device in '^ulti-pass" mode where 
the light passes twice through one single beam switch returned by a mirror; 

Fig. 9 discloses schematically a side view of a two-dimensional beam switch 

device; 
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Fig. 10 discloses a first embodiment of an <q;>tical imaffng system that 
generates ftill color images witib a one-dimensional array of foil based beam switch 
modulators; 

Fig. 11 discloses a second en±odimentofan<q[>ticd imaging system that 
S generates fkdl color images with a one-dimensional array of foil based beam switch 
modulators; 

Fig. 12 discloses a third embodiment of an optical imaging system Oat 
generates fiill color imag^ with a one-dimensional array of foil based beam switch 
modulators; 

10 Fig. 1 3 discloses an illustration of a different type of prism which can be used 

with tiie beam switch; 

Fig. 14 discloses a top view of an optical imaging ^stem as in figure 6 having 
a polarizing elemmt in the detection path. 

Still other objects and features of fixe preset invention will become apparent 

IS fixmi tiie following detailed description considered in conjunction with tiie accompanying 
drawings. It is to be understood, however, that the drawings are designed solely fbr purposes 
of illustration and not as a definition of tiie limits of the invention, f<xr which reference should 
be made to the appended claims. It should be fertiher understood that the drawings are not 
necessarily drawn to scale and that, unless otherwise indicated, they are merely intended to 

20 conceptually illustrate tiie structures and procedures described herein. 



DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

An optical imaging system utilizing at least one one-dimensional array of 
beam switches 1 based on the principle of frustrated total internal reflection to generate a 

25 projected image is envisaged. Fig. 1 shows a schematic illustration of a single beam switch 1, 
i.e. one pixel of the array. The beam switch 1 consists of a scattering foil 2 which is 
sandwiched between a first 3 and a second 4 glass plate, at least the upper one (first glass 
plate 3) being transparent for light fixim a light source. The scattering foil 2 and the glass 
plates 3, 4 are equipped with electrodes. The upper (first) glass plate 3 is coated with a first 

30 transparent electrode S (e.g. ITO, Indium-Tin-Oxide) and the scattering foil 2 is coated with a 
transparent foil electrode 6, the lower (second) glass plate 4 can be covered with a non- 
tranqiarent second electrode 7. The scattering foil 2 is separated fcom at least one of the glass 
plates 3, 4 by means of spacers 8. The scattering foil 2 can be actuated by applying proper 
voltages to the respective electrodes 5, 6, 7. Light firom the light source is coupled into the 
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beam switch 1 by means of a prism 9. If the scattering foil 2 is not in contact wiOi the first 
glass plate 3 the light is reflected firom the glass surfiice by total mtemal reflection. If Hie 
scattering finl 2 is brought into contact with die first g^lass plate 3 the light is scattered. This is 
schematically shown in figure 2, which illustmtes the rest position of the switch 1 . The 
5 switching device 1 might be integrated directly upon the surface of a driver chip. 

When ihe pixel is in tiie state (figure 1) the scattering foil 2 is drawn to 
the lower (second) glass plate 4 by flying the proper voltages to the electrodes 5, 6, 7. 
Since the incident angle on the glass-air inter&ce is larg^ than the critical angle, all light is 
reflected. When the pixel is in the ^ofP^ state (figure 2), tiie scattering foil 2 is drawn to the 

10 fiont (first) glass plate 3, ie. to the rest position of the switch 1. Usmg lig^t wi& the proper 
polarization direction, all can be coupled into tiie scatlermg foil 2, in which it is scattered in 
all directions. The specularly reflected light is separated j&om the scattered light with the 
optical imaging system that is illustrated in figure 6. The optical imaging system consists of a 
laser or LED lig^t source (not shown) for producing a light beam 10, beam diaping optics 1 1, . 

15 e.g. two cylindrical lenses, arranged to expand the Ug^t beam 10 in one directic^ 

dimensional array of beam switches 1 arranged to receive the expanded light beam 10 and 
modulate it to form aline image, aprojection lens 12 for projecting said line image and a 
scan minor 13 arranged to scan consecutive line images to form a two-dimensional image. 
The expanded light beam 10 can be selectively scattered or reflected by each of the beam 

20 switches 1. In this way a bar line image of separately modulating light sources is created that 
is scanned with a scanner 1 3 that is ciperated at the same fiDequency. Finally, the projection 
lens 12 images tiie scanning light bar onto a screen 14. 

Figure 3a schematically shows an example of a one-dimensional array of beam 
switches. In this particular enibodiment the scattering foil 2 is cut to focilitate the use of beam 

25 switohes 1 which are sniaU in the direction A along the array (typically 30imbetwem 

cuts). In die other direction B the beam switohes 1 may be relatively large (typically 300 |xm) 
to lower the required switohing voltages. The structured front plate electrodes S (typically SO 
|xm) are used to address the device. The foil electrode 6 and the rear plate second electrode 7 
ate basically unstructured. The fiont (first) glass plate 3 area above the cuts have been made 

30 scattering, or has been coated with a scattering medium 3a. The cuts 2a in the foil 2 are not a 
prerequisite, they merely serve to lower the switching voltages and reduce crosstalk. Instead 
of, or in addition to, stracturing the firont (first) glass plate electrodes 5 jfor addressing, it is 
also possible to structure the foil electrode 6 or the rear (second) g^ass plate electrode 7. The 
foil electrode 6 may be applied to either side, or to both sides, of the scattering foil 2. The 
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spacers 8 may be applied on top or underneath flie dielectric layer 21, or may be omitted, 
partly or fully. In a preferred embodiment, spacers 8 are arranged cmly on the rear (second) 
glass plate 4, which is made possible as the scattering foil 2 is tiiin and arranged to be in 
contact vnih the firont (first) glass plate 3 in its rest condition and in order to be pulled away 

5 thwefix>m needs to be actuated with an electric field. Through in the pr eferred embodiment, 
having srpacers 8 arranged only on Hie rear (second) glass plate 4 the advantage is provided 
that diey cannot reflect light which would give rise to unwanted light on the screen. If the 
scattering foil 2 is coated with a conductor at only one side the dielectric layer 21 at the 
opposite side may be omitted. The scattering foil 2 is preferably difiusely scattering, e.g. due 

10 to the addition of small particles to a polymer or inorganic matrix, or it may alternatively be 
equipped with regular diffiactive structures such as a dif&action grating. The spaces between 
the scattering foil 2 and the glass plates 3, 4 can be filled with any gas or can be made 
vacuum. 

For optimum performance the polarization of the light and the angle of 
15 incidence have preferred values. Figure 4a schematically shows the situation at the glass- 
vacuum interfece and figure 4b the situation at the glass-feil interfiice. For simplicity the 
transparent electrodes and the dielectric layer 21 have been omitted. In order to have total 
internal reflection at the glass-vacuum intarfiu:e (''on" state), the angle of incidence ®, 

should be largo: than the critical angle given by: 
20 M®cru)~ 

With ncp'l (vacuum) and ni=l.S (typical for ^ass) this yields ®^ =M^1 .8''. If 

the scattering foil 2 makes contact with the glass 3 C'ofP' state) it is desired that litde or no 
light is reflected fixnn the interface and that all the light penetrates into the scattering foil 2. 
Jn the ideal case this happens if the polarization of the lig^ is parallel to the plane of 
25 incidence/reflection (p-polarized) and if tiie angle of incidence is equal to the Brewster angle 
0^, given by: 

tan(0w) = ?- 

Wiflini=1.5 andn2=1.65 (typical for a polymer foil) this yields 0^ =47.7^ 

Hence, both conditions of total internal reflection in the '"on" state and mitiimum reflection 
30 (from the interfece) in the "off' state can be met if the light is p-polarized and the angle of 
incidence equals the Brewster angle. In tibe case of presence of a transparent conductor and a 
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dielectric li^er 21 on the glass 3, the situation becomes mofe complicated and a detailed 
analysis remains to be done. In an actual device, a preference for p-polarized light has been 
experimentally observed. 

Figure S shows an example of an addressing scheme. In this case the 
S information is written (line- or colunm-at-a-tkae) using pulse width modulation. The feil 
electrode 6 is at ground potential. The voltage on the rear (second) glass plate electrode 7 
(typically 30V amplitude) is inverted in between the frames tb avoid charging. If the voltage 
on the addressing is high (typically 60V) in the positive fiame (or low in the negative fiame) 
the scattering foil 2 is attracted towards the fiont (first) glass plate 3. If the voltage on tiie 
10 addressing electrode is zero, the scattering foil 2 is attracted towards the back (second) glass 
plate 4. The details of the addressing schone strongly depend on the mechanical details, like 
foil thickness, dielectric layer thickness, spacer thickness, etc. As mentioned, tiie addressing 
electrodes 5, 6, 7 may alternatively be structured on tiie scattering foil 2 or the rear (second) 
glass plate 4. In that case difTerent addressing schemes apply. 
1 S Figures 6a and 6b shows an example of an optical imaging system containing < 

the one-dimensional array of beam switches 1. A light beam 10 is expanded in one direction 
using beam diaping optics 1 1 conqx>sed of two cylindrical lense 
beamswitches 1, which is arranged to receive the e3q>andedUg^t beam and modulate! 
form a line image. After passing the array of beam switches the beam of reflected light from 
20 the state is led through a projection lens 12 and a pinhole diaphragm IS. The beam 

switches 1 and the pinhole diaphragm IS are placed qyproximately in the focal planes of the 
projection lens. The lig^t from beam switch pixels in the **on'' state passes tiie pinhole 
diaphragm IS and is projected on the screen 14. In the *'ofP' state the light is scattered in all 
directions and only a very small portion will enter the projection lens 12. The scattered lig^t 
2S fomibeamswitchpixelsintiie^'off state'Msintercq[ytedeitiierby the 12 
q9erture or, if passing that aperture, by the pinhole disq[>hragm 15 aperture. The result is a 
vertical (or horizontal) modulated bar line image on the screen. This line image bar can be 
scanned to form a two-dimensional image by using a slow tsmror scanner 1 3 . In the case of a 
laser light source, the depth of focus is very large, in the ideal case indefinitely large. Since 
30 the distance between beam switches 1 and the projection lens 12 is almost equal to the focal 
length of the projection lens 12, tiie image is focused almost at infinity. If a lower quality 
light source is used, the system must be properly focused on the screen 14, i.e. meaning that 
the distance between beam switches 1 and projection lens 12 must be adapted. The switching 
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speed of flie foil based beam switch device 1 is sufiBcienily high for video modulation. The 
efficiency for pixels in the ^ W state is close to 100%. 

The contrast tiiat can be obtained with this type of beam switch 1 depends on 
many parameters: The angel of incidence, polarization of the incident ligh^ *^arasitic'* 

5 reflections by electrodes/spacers/layers, optical properties of the scattering foil, design of tiie 
surrounding optical system, ...etc. In an experimental device a contrast of 1:44 has been 
obtained, it is however believed that this can be optimized further. One rigorous way of 
improving tiie contrast is to use abeam switch device 1 in ^ultirpass** mode. Examples are 
shown in figures 7a and 7b and 8a and 8b respectively. In figures 7a and 7b tiie light passes 

10 two beam switches 1, which are operated simultaneously. In the ''o£P' state according to 

figure 7b, some light will be specularly reflected fix>m the first beam switch, but this will be 
furtiier ^'extinguished" by the second beam switch. Except for improving contrast, the use of 
two or more sequential beam switches is veiy beneficial for overooming imperfections in the 
scattering foil 2 (particles and related non-contact areas). In figures 8a and 8b one single 

IS beam switch 1 is used twice. A minor 16 is positioned such that the returning beam leaves 
the beam switch device under a (slightiy) different angle in order to be able to separate it 
fix>m the incoming beam. Instead of a simple flat mirror one may also use a moro 
complicated imaging system (lenses, curved mirrors, retro*reflectors,. . .etc.) to redirect and 
ro<-image the beams onto the device. 

20 Instead of a one-dimrasional projection device, one could also imagine a two- 

dimensional beam switoh device 1 as shown in figure 9. In tins case an electrode matrix 
structure is necessary. The spacers (if present in the optical path) should be shielded by a 
difiusive medium. This embodiment is mentioned only for completeness. One of the issues in 
using a two-dimensional device is that the operating window for passive matrix addressing is 

25 rather small and very sensitive to e.g. charging effects. For a one-dimensional array, a simple 
and '^obusf' switching scheme can be used, reducing the flraction of failing pixels. 

The beam switoh as described herein is in fact based on ''optical quality" or 
''entendue** selection. For this reason a preferred light source to be used is a laser. However, 
poresent day lasers are not efBcient in groen, and the image obtained with lasers also suffers 

30 fix>m speckle. For this reason, LED's are an attractive alternative, although probably some 
light will have to be disposed due to entendue requirements. 

An actual optical imaging system display device should reproduce an image 
using at least three (primary) colors, e.g. Red, Green and Blue. Thero are many options to 
achieve this: e.g. one array and line sequential color, one array and frame sequential color, 
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(me anay and scrollmg color, ibxee (or moxe) anays and simultaneous color, ... etc. Detailed 
embodiments conceming color and grayscale reproduction will be described in tiie following. 

In the following is described a number of embodiments of optical imaging 
systems that generates fiill color images with a one-dimensional array of foil based beam 
S switch modulators 1 as described earlier. The embodiments have a number of conditions in 
common that are listed below: 

The light is generated in three separate branches R, G, B that each include a 
one-dimensional array of foil based beam switch modulators 1 ; 

The light patii in each of the branches R, O, B is optimized for transmission of 
10 the color of light in that particular branch; 

The arrays of foil based beam switdimodulatora 1 axe positioned such that 
they lie in die same plane when seen from the direction of the projection lens 12; 

The projection lens 12 iniages the g^ass-foilinter&ce of tiie foil based beam 
switch modulators 1 onto the screen 14; 
IS A diaidiragm IS is positioned at the focal plane of the projection lens 12 and 

between die projection lens 12 and a rotation mizror 13. 

The details of these conditions will be given below. 
Embodiment one: architecture with a dichroic recombination cube 17. 
The first embodiment is illustrated in figure 10. In this set-up the array of foil 
20 based beam switch modulators 1 is die same as the one depicted in figure 6. 

In the set-up the lig^t is formed in tibree branches G, B, each of them 
corresponding to one of the display primaries. The optical elements in the branches R, B 
are optimized for the wavelength that is used in the branches. For instance, the beam shaping 
optics 11 that takes care that a thin line of parallel light illuminates the beam switches 1 is 
2S covered witii antireflection coatings that are optimizedfor the red laser beam. The light in the 
three branches R, G, Bis reoonfoinedwitii a dichroic cube 17. The position of the three foil 
array blocks 1 is such that they are in the same plane, whm viewed from die direction of the 
projection lens 12. The projection lens 12 is positioned such that it images the glass-foil 
intei&ce of all three array panels 1 onto the screen 14. A di^hragm IS is positioned at die 
30 focal plane of Ifae projection lens 12 and the rotating mirior 13 to enhance the contrast 

Note that the dichroic cube 1 7 can be quite small in the direction of the plane 
of figure 10, since the light fix>m the foil based beam switch array 1 is almost parallel in the 
case of a laser light source. Only in the direction perpendicular to this plane the cube 17 
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needs to be elongated as long as tbe length of the foU based 1. This makes 

die dichroic cube 17 much cheaper than die ones used in HTPS LCD projectors. 

Embodiment two; architecture with dichroic recombination plates 18. 

A second embodiment is illustrated in figure 11. The 

tttfttti difference from the 

5 first embodiment according to figure 10 is tibat dichroic plates 18 have been used instead of a 
dichroic recombination cube 17. This has some consequences for the folding of the light patib, 
which can be observed fiDom figure 11. 

Embodiment three; architecture with folding mirror 19. 

A third embodiment is illustrated in figure 12. When compared to embodiment 

10 two (figure 1 1) it uses an extra folding mirror 19. Although this adds to tihe bill of material it 
also has some advantages. First, the three foil based beam switch arrays 1 can be positioned 
in one plane. Although drawn separately in figure 12, they can be combined onto a single 
glass plate. This can be beneficial for manufocturing and it offers an automatic aligmnent of 
the three foil based beam switch arrays 1. Second, the illumination palfa of the three foil 

15 based beam switch arrays 1 is parallel. This enables flie combination of optical components 
into one piece of material. Third, the beam path is folded, which results in a very compact 
device. 

General remarks for flie three embodiments described above. 

Since all proposed optical paths R, O, B are chosen such that the three beams 
20 overly on the screen, the ligiht path of tiie individual colors can be interchanged. 

In all of the above embodiments the light is coupled into the foil based beam 
switch arrays 1 by means of a 90-degree prism 9. A person skilled in the art can easily find 
other prisms to couple in the light As an illustration of a different type of prism 9 is shown in 
figure 13. With such a prism 9 it is easy to find similar embodiments than the ones proposed, 
25 but then with a different folding of the light path. This is also included in the invention. 

If the light is generated in a laser, it is usually already polarized. By taking 
care that all optical components are fi:ee of internal stresses, the light will maintain its 
polarization direction until the glass-foil inter&ce. If the pixel is in the ' W state, the light 
ymJl be reflected internally without losing its polarization properties. If the pbcel is in the 
30 ^'ofP' state , the light enters the scattering foil 2, in which it will be scattered a number of 

times before it leaves the foil 2. During each scatter event, both the direction and polarization 
state of aphoton are changed by a small amount. Since each of the photons scatters in a 
different way, a contribution of polarization states will build up. For weakly scattering media, 
the width of the distribution will be small and centered around the original polarization 



PHNL030880EPP 



11 08.07.2003 
direction. For strongly scattem such as a scattering foil 2 in fhe foil based anay of 

beam switches 1, tfie distribution will be ahnost unifonn. 

Taking the above into consideration, it is clear fliat placing a polarizing 
element in die detection path will increase the contrast ratio of the displayed image. 
5 Assuming that the absorption coefBcient of the element is A and that the mtinction ration of 
the element is infinitesimal small. Further assuming that the polarization distribution of tibie 
scattered photons is completely uniform. In ^s case tiie following equations hold for the 
intensity of the '*o€P' pixel B and the *W pixel C: 
^ =0.5(l-^)i? 
10 C"=(1-^)C 

In which B is the intensity of tbie ^off ' pixel without tiie polarizer and C is Ifae 
intensity of the pixel witiiout the polarizer. 

By dividing the two equations it is clear that the contrast ratio is increased by a 
foctor of two. In practice this will probably be somewhat less due to the non-perfect 
1 S polarizers and the non-uniform polarization distribution of tiie scattered photons. A negative 
side effect of the polarizer is tiiat the intensity of the '^on** pixels has decreased by the fector 
A. By choosing a polarizer with high transmission efBciency this can be limited to 10%. 

An embodiment of this is shown in figure 14. In principle the polarizer 20 can 
be positioned anywhere between the prism 9 and tiie screen 14. In practice, a choice will be 
20 made between size of the polarizer 20 and the maximimi intensity that can be applied to the 
polarize 20. 

Thus, while there have been shown and described and pointed out fundamental 
novel features of the invration as applied to a preferred embodiment thereof it will be 
understood that various omissions and substitutions and changes in the form and details of 

25 the devices illustrated, and in their operation, may be made by those skilled in the art without 
departing from the spirit of the invention. For example, it is expressly intended that all 
combinations of those elements and/or method steps which perform substantially the same 
function in substantially the same way to achieve the same results are within the scope of the 
invention. Moreover, it should be recognized that structures and/or elements and/or method 

30 steps shown and/or described in connection with any disclosed form or embodiment of the 
invention may be incorporated in any other disclosed or described or suggested form or 
embodiment as a general matter of design choice. It is the intention, thaefore, to be limited 
only as indicated by the scope of the claims appended hereto. 
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CLAIMS: 



1 . An optical imaging system, characterized by: 

(a) at least one laser or LED light source for producing at least one light beam (10); 

(b) beam shaping optics (1 1) arranged to expamd said at least one light beam (10) in one 
direction; 

S (c) at least one one-dimensional array of beam switdbes (1) arranged to receive said 
expanded at least one light beam (10) and modulate it to form a line image; 

(d) a projection lens (12) for prqjecdng said line image; 

(e) a slow mirn>r scanner (13) arranged to scan consecutive said line iniages to 
two-dimensional image. 

10 

2. The optical imaging system of claim 1, characterized by: 

said e^qpanded at least one lig^t beam (10) being arranged to pass sequentially through two 
one-dimensional arrays of beam switches (1) arranged to receive said expanded at least one 
light beam (10) and modulate it to form a line image, which two one-dimensional arrays of 
IS beam switches (1) are arranged to opetata simultaneously. 

3. The optical imaging system of claim 1, characterized by: 

said expanded at least one ligjht beam (10) being arranged to pass through a one-dimensional 
array of beam switches (1) arranged to receive said ejcpanded at least one li^t beam (10) and 
20 modulate it to fomi a line image and being returned through the same array by a reflection 
mirror (16), said mirror (16) being arranged to return said beam (10) under an angle which is 
difiEbient fiom the angle of the angle of the incident light beam in order to &cilitate sqparation 
therefrom. 

25 4. The optical imaging system of any one of claims 1 to 3, characterized by: 

(f) three separate laser or LED light sources for producing three separate light beams 
(10); 

(g) beam shaping optics (1 1) arranged to expand each respective light beam (10) in one 
direction; 
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Qol) a leflpective one-dimensional array of beam switches (1) arranged to receive each 

respective expanded lig^t beam (10) and modulate it to fimn a respective line image; 
Q) means for combining (17, 18, 19) said respective line images to one line imag^; 
(j) a projection lens (12) for projecting said combined line image; 
5 (k) a slow mirror scanner (13) arranged to scan consecutive said combined line images to 
form a two-dimensional image. 

5. The optical imaging system of claim 4, characterized by said means for 
combining said respective line images to one line image being a dichrioc cube piism (17). 

10 

6. The optical imagmg system of claim 4, characterized by said means for 
combining said respective line images to one line imag? being dichroic plate mirrors (18). 

7. The optica] imaging system of claim 4, characterized by said means for 
IS conibining said resfpective line images to one line imago 

plate mirrors (18) and at least one folding mirror (19). 

8. The optical imaging system of any one of the preceding claims, characterized ^ 
by the at least one one-dimensional array of beam switohes (1) conq>rising a pluralily of 

20 optical beam switches for controUably switching an optical interfoce between a reflective 
stete in which light incident on said optical interface undergoes frustrated total internal 
reflection and a non-reflective state in which fiustrated total internal reflection is prevented at 
said optical interfoce. 

25 9. Theopticalimagingsystemof claim 8, diaracterized by each of the plural 

of beam switohes (1) comprising: 

(a) a scattering foil (2), which is sandwiched between a first (3) and a second (4) glass 
plate; 

(b) a foil electrode (6) associated with said foil (2); 

30 (c) a first transpar^t electrode (S) associated with said first glass plate (3); 

(d) a second electrode (7) associated with said second glass plate (4); 

(e) a voltage source for selectively flying voltage potentials to said electrodes (5, 6, 7); 
wherein: 
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(i) application of a first set of voltage potentials to said electrodes (S, 6, 7) is 
ananged to attract said foil (2) towards said first glass plate (3), in order to 
scatter ligbt incident on said first glass plate (3); 

(ii) application of a second set of voltage potentials to said electrodes (5, 6, 7) is 
S ananged to attract said foil (2) away fixmi said first g^ass plate (3), in order to 

allow light to be reflected from said first glass plate (3). 



10. The optical imagmg system of claim 9, characterized by said scattering foil (2) 
being separated from at least one of said glass plates (3, 4) by spacers (8). 

10 

11. The optical imaging system of claim 10, characterized by said spacers (8) 
being arranged between said scattering foil (2) and said second glass plate (4). 



12. The optical imaging system of any one of claims 8 to 11, characterized by a 

15 prism (9) being arranged on said first glass plate (3), through which prism (9) lig^t incident 
on said first glass plate (3) is arranged to pass. 



13. The optical imaging system of any one of claims 8 to 12, characterized by a 

dielectric layer (21) being sandwiched between said first glass plate (3) and said first 
20 electrode (5). 



14. The optical imaging system of any one of claims 8 to 13, characterized by a 
dielectric layer (21) being sandwiched between said second glass plate (4) and said second 
electrode (7). 

15. The optical imaging system of any one of claims 8 to 14, characterized by said 
scattering foil (2) having cuts (2a) separating the foil of each respective beam switch of the at 
least one one-dimensional array of beam switches (1) from each other. 



30 



16. The optical imaging system of claim IS, characterized by a surfoce area of said 

first glass plate (3) being arranged to have light scattering properties (3a) above said cuts 
(2a). 
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17. The optical imaging system ofany one of cl^^ 

first glass plate (3) being conmion to all beam switches (1 ) of said at least one one- 
dimensional anay of beam switches (1). 

5 18. The optical imaging system of any one of the preceding claims, characterized 

by a di^hragm (IS) being arranged in a light path of said c>ptical imaging system, at a 
location after said projection lens (12). 

19. The optical imaging system of any one of the preceding claims, characterized 

10 by a polarizer (20) being arranged in a light path of said optical imagmg system, at a location 
after said one-dimensional array of beam switches (1). 
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ABSTRACT: 



The present invention relates to an optical imaging system. The system 
comprises at least one light source for producing at least one light beam (10). Beam shcq[)ing 
optics (1 1) arranged to expand the at least one light beam (10) in one direction. At least one 
one-dimensional array of beam switches (1) is arranged to receive tiie expanded at least one 
light beam (10) and modulate it to form a line imag^. A projection lens (12) is provided for 
projecting said line ima^. A slow mirror scanner (13) is arranged to scan consecutive line 
imag^ to fomi a two-dimensional image. 



(Fig, 6) 




Fig. 2 
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Fig. 3a 




Fig. 3c 
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Fig. 4b 
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Fig. 8b 
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